) until the recent release of Mesocyclops aspericornis (Daday) at Avatoru, Rangiroa Atoll, French Polynesia (Rivière et al. 1987 ). However, only 2,432 burrows were treated and, as sìich, this was only a small-scale trial.
This article describes research from 1986 to 1989 on Tereia Island, Rangiroa Atoll, which evaluated the feasibility of transporting M . aspericornis to a remote island and of using them for the large-scale treatment of land crab burrows to control Ae. polynesiensis. . zone are two brackish swamps and four extensive depressions (maite) dug by earIy inhabitants for the cultivation of crops.
Neighboring Voisin Island, separated from Tereia by a 30-m channel to the south, was ecologically similar to Tereia and was used as an untreated check area.
Pretreatment Survey. Aerial survey maps of Tereia (treated site) and Voisin (untreated control) were obtained to facilitate estimation of the relative areas covered by the geographic strata (coconut grove, bush, scrub, maite, etc). To estimate the number of crab burrows (and consequently the number of copepods required for the treatment), quadrats (8 by 8 m) were systematically laid out at 100-m intervals over the entire island, and the mean number of burrows per quadrat was Calculated. The total number of crab burrows for treatment then was estimated by summation of the area of each strata type multipried by its mean burrow density.
Treatments. Because M . aspericornis do not occur naturally on Rangiroa Atoll, they were transported by air from Tahiti and then by boat to Tereia. The M . aspericornis stock was reared outdoors at the laboratory on Tahiti in 8-m3 concrete water tanks and was the same strain previously used by Rivière et al. (1987) . Four releases of M. aspericornis were carried out in January 1986 (600 burrows), March 1986 (5,000 burrows), June 1986 (8,721 burrows), and October 1987 (total retreatment, 17,300 burrows). The first three treatments were done to establish massrelease method and lihe feasibility of transporting copepods to a remote island, while providing the maximum p iod possible to study their persistence. In 19 6, copepods were transshipped en masse in 2 -liter jerry cans for application with a compres i ion sprayer (Rivière et al. 1987) , whereas in 1987, the M e~o c y c l~p~ were transported as inocula of 50 in 20-ml tubes.
In October 1987, three teams of four people undertook a complete treatment involving the 17,300 crab burrows on Tereia. For each burrow, a hose (3 m long, 3 cm in diameter) was inserted into the basal chamber. With the aid of a funnel, 50 M . aspericornis were introduced into 1.3 liters water. This treatment took 1,440 man-hours.
Evaluation of Treatments. From January 1986 until the mass retreatment in October 1987, the presence of M . aspericornis and the abundance of Ae. polynesiensis was monitored in burrows by inserting a hose into the base of the burrow and pumping out the water into a 2-liter Erlenmeyer flask (Ri ière et al. 1987) . Burrows <4 cm in diameter w re not sampled. The water was sieved through 100-p mesh, and the contents were counted n a white tray. After counting, immature mos uitoes and copepods were returned to the i urrow using the pumped water.
The physicochemical characteristics recorded for each burrow were: lengfh and diameter, water volume, temperature, pH, salinity, and dissolved oxygen (measured using a portable salinometer and an oxymeter) (Yellow Springs Inc., Yellow Springs, Ohio).
Upon completion of the mass treatment in October 1987, sampling emphasis shifted to the assessment of the effect of larval control on the adult Ae. polynesiensis population using Voisin as an untreated control. Adult mosquitoes were aspirated from human bait (Bonnet & Chapman 1958) 
Results
Characteristics of Crab Burrows. As all the burrows (17,300) were treated on 15 ha of Tereia (the scrub was negative), the density of burrows was 1.15 per m", This was close to the first estimation of 1.0 per m", based on sampling 44 quadrats of 64 m" each. Burrow diameters ranged from 2 to 25 cm and burrow depths ranged from 15 to 130 cm, with median values of 5-10 cm and 30-70 cm, respectively. Ae. polynesiensis larvae were recovered from burrows containing from 0.2 to 3.6 liters of water. During the period of study, water temperatures in the burrows ranged from 26.2 to 30.6"C, salinity from 0.33 to 0.93 ppk, pH from 6.59 to 8.05 (range, usually 7.0-7.5)) and dissolved oxygen 2.99 & 1.39 ppm (3 SE). These values were consistent on both Tereia and Voisin. During 1987-1989 Following the inoculation of barrows in the maite, the percentage of Wet boles positive for M . aspericomis decreased to 50% from January to October 1986 (Table 2) . After May 1987, the sampling program was extended to evaluate all of the areas treated. In June 1988, 52 of the 284 burrows sampled were in the maite. At this time, -31 mo after their treatment in January 1986, 38.5% of these burrows were wet and 80% of these still contained M . aspericornis.
In May 1987 after a progressive total of 14,921 burrows had been treated in three steps, 53.8% of the wet holes sampled contained M . aspericornis. By January 1989, following the retreatment of the entire island in October 1987, only 24.1% of wet holes still contained M . aspericornis 15 mo after treatment.
In contrast to the 1987-1988 wet season (October-January, 1,383 mm), rainfall for the same period of 1988-1989 was below average (760 mm) at 528 mm. Consequently, by January 1989., only 8.4% and 13.2% of boles on Tereia and Voisin, respectively, were wet. Annual rainfall for 1987 and 1988 was 2,274 and 1,506 mm, respectively, in contrast to the 1,753-mm average.
As a consequence of the decreasing prevalence of M . aspericornis in burrows, Ae. polyne-. March and June 1988, and January 1989, 692 (6.36%) and 47 (0.43%) were recovered on Tereia and Voisin, respectively. Of 9,762 adults released on Voisin, 662 (6.84%) and 49 (0.5%) were recaptured on Voisin and Tereia, respectively. After adjusting the raw data to the model of Arnasson (1972) , the calculated probabilities for intra-and interisland dispersal indicated that Ae. polynesiensis had little tendency for interisland dispersal. Of the two directions possible (i.e., Tereia to Voisin and vice versa), the probability of reinfestation of Tereia from Voisin was minimal.
The biting indices of Ae. polynesiensis for Tereia and Voisin remained similar from total retreatment (October 1987) through January 1989 (ANOVA: F = 0.22; df = 1, 775; P > 0.05), indicating that there was no treatment effect (Table 4). There were, however, significant seasonal differences in biting indices with respect to time (ANOVA: F = 39.91; df = 3,775; P < 0.001), and these main effects were consistent throughout because their interaction was not significant (ANOVA: F = 0.89; df = 3, 775; P > 0.05).
Discussion
The research demonstrated that it was possible to carry out broad-scale introductions of Mesocyclops into land crab burrows on remote islands. Although Rivière et al. (1987) were able to inoculate 60-150 holes per man-hour using the compression sprayer, the treatment of Tereia was more arduous because of the low water levels in most burrows. When the entire island was retreated in October 1987, inoculation of Mesocyclops by tube was considered more reliable, but it reduced the treatment rate to 12 holes per man-hour.
Insertion of the tube into the main chamber of crab burrows was often problematic as C . carnifex is known to dig minor offshoots that are invariably dry (Goshima et al. 1978) . Consequently, it was difficult to ensure that a totally effective treatment had been carried out, even with the addition of extra water. This also applied to sampling M. aspericornis and Ae. polynesiensis immatures after treatment. Some new burrows were dug and others may have experienced periods of excessive salinity for M . aspericornis. However, because M. aspericornis became established in salinities up to 3.72 ppk at Avatoru, Rangiroa Atoll (Rivière et al. 1987) , the recorded maximum salinity of <1 ppk on Tereia was not anticipated to present a problem. However, in view of the sporadic visits and relatively small sample size, short periods or discrete zones of high salinity may have been missed. Between visits, burrows also may have dried and then refilled. Thus, the data relating to wet burrows found negative for copepods could have been confounded by either inadequate treatment or subsequent copepod mortality. The study on Tereia indicated that, in M. aspericornis-positive burrows, Ae. polynesiensis immature abundance was reduced from 85 to 2 per burrow and that prevalence was reduced from 71.9 to 6.0% of wet burrows. Although Aedes prevalence in wet burrows on Tereia was statistically lower than on Voisin for the 15-mo period, the trends in abundance (i.e., reduction of wet burrows, rise in Aedes-positive burrows) were the same for both islands. As pretreatment data for immatures were not available for both islands, this difference could not be ascribed completely to the effect of the copepod treatment. However, biting indices ofAe. polynesiensis remained statistically similar before and after treatment on both Tereia and Voisin, indicating that the treatment had no effect on the adult population. This was particularly surprising for March 1988,5 mo after treatment, when 89.5% of wet burrows contained Mesocyclops. Perhaps partial larval control enhanced overall immature and adult survival, thereby resulting in comparable biting rates on the islands. The mark-release experiments with female Ae. polynesiensis confirmed that it is a sedentary species as in American Samoa (Jachowski 1954) , and, as such, immigration from Voisin to Tereia was minimal.
In terms of broad-scale considerations, the treatments failed because M. aspericornis was not able to survive in dry burrows. Gecardinid e > o crabs also are sensitive to water deprivation (Herreid & Gifford 1963) , but C. carnijex may move among burrows of different depths to ensure its survival. The results were most successful in the low-lying maite, where burrows most likely retained water for longer periods or M. aspericornis was reintroduced naturally when the maite were flooded by rain or by the upward movement of the water table. In June 1988 on Tereia, 80% of burrows in the maite contained M . aspericornis 31 mo after the initial treatment compared with 39.1% for the entire island 8 mo following treatment. At Ea-Ora maite across Rangiroa lagoon, 90% of burrows still contained M. aspericornis 47 mo after treatment , (Lardeux et al. 1990 ).
Nevertheless, attempts with M. aspericornis to control larval mosquitoes in land crab burrows have had greater success and are more acceptable environmentally than other methods used in West Africa (Bruce-Chwatt & Fitz-John 1951), Tahiti (Bonnet & Chapman 1958) , and Fiji (Burnett 1959, Gardner et al. 1986 ). The results on Tereia suggest that the persistence, and not the eEcacy, of broad-scale control by Mesoc yclops is in question, although the drought conditions following treatment of the entire island in 1987 made the test conditions more rigorous than planned. Lack of desiccation resistance most likely was the major problem, as observations in drying pools (S. Loncke, personal communication) and in car tires (M. D. Brown & B.H.K., unpublished data) indicated that M. aspericornìs (French Polynesian and Queensland strains) do not survive in dry habitats. Copepods should still be considered in the control of crab holebreeding mosquitoes, but only if accompanied by careful site evaluation that includes salinity measurements and the use of desiccation-resistant cyclopoid species.
